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Arrangement in connection with feedback control system 

The invention relates to an arrangement in connection with a feed- 
back control system, the arrangement comprising a controllable device, a 
measuring device, a controlling device and a user interface by which the con- 
5 trolling device can be monitored by means of set values, whereby the meas- 
uring device is adapted to measure a measuring value from a measuring point, 
which measuring value is dependent on the operation of the controllable de- 
vice, and the controlling device is adapted to monitor the controllable device 
on the basis of the measuring values and set values. 
10 A Das j c requirement set for devices used in patient care is that they 

are safe and operationally reliable in the normal use of the device, in fault 
situations unintentionally caused by a user or in any one-fault situation of the 
device. 

As examples of the above mentioned devices for patient care, ven- 
15 tilators and anaesthesia machines used in intensive care and anaesthesia can 
be mentioned. A patient is normally connected to a device used in patient 
care, e.g. to anaesthesia machine and ventilator, by means of a patient circuit. 
From the patient circuit there is a measuring connection to a monitor which 
monitors the condition "of the patient/Using measuring information on the con- 
20 dition of the patient that the monitor provides a healthcare person supervises 
the condition of the patient and adjusts set values of the device used in patient 
care so that the measuring information corresponds to the desired value of the 
moment. 

Characteristic of the control described above is that measuring val- 
25 ues are only indirectly affected through the set values of the device used in 
patient care, and also that the control has a long-term effect. Some of these 
indirect pairs of measuring values and set values are listed in the table below 
by way of example. 



Measuring value 


Operative set value 


Anaesthetic gas concentration of respiration 


Anaesthetic concentration of anaesthesia 
machine vaporizer and gas flow of gas mixer 


Oxygen concentration of respiration 


Oxygen flow of gas mixer 


Nitrous oxide concentration of respiration 


Nitrous oxide flow of gas mixer 


Carbon dioxide concentration of respiration 


Minute ventilation of ventilator 


Patient airway pressure 


Respiration volume of ventilator 
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Dependence between measuring parameters and the operative set 
value may include several control systems within each other. For example, 
blood pressure can be regulated by means of anaesthetic concentration of 
5 exhalation, whereby the anaesthetic concentration in turn is regulated by 
means of the anaesthetic concentration of anaesthetic vaporizer of the gas 
mixer according to the table above. 

Due to indirectness and a long time constant, the exact adjustment 
of measuring values is slow and difficult, which leads to variation in patient 
0 values, and this in turn may have harmful effects on the end result of nursing. 

To improve the situation, a variety of solutions have been sug- 
gested for automatizing a control loop. In such a system, a controller, instead 
of a person taking care of the patient, closes the control system between the 
measuring value and the set value of the device for patient care, which con- 
5 trailer is capable of considering prevailing indirectnesses and the effect of the 
control time constant and thus of automatically optimising the set value. With 
such a system in use, a healthcare person only needs to set a desired value 
into the control system. For example US Patent 5 094 235 describes a similar 
automatized control system as above. In addition, several examples can be 
found in literature which describe the superiority of an automatized control 
system over a healthcare person in achieving and maintaining patient values. 
As an example, the publication Westenskow D., Closed loop control of blood 
pressure, ventilation and anesthesia delivery, Int J. Clin. Monitoring and Com- 
puting 4: 69-74, 1987 can be mentioned. A summary of such potential control 
systems is given in the publication A model for technology assessment as ap- 
plied to closed loop infusion systems, Critical Care Medicine, Vol 23 No 10 
1995. 

In spite of the above factors, feedback control systems have not 
become more common in nursing environments. One reason why the solu- 
tions, practicable as such, have remained at exploratory and experimental 
stages are the above mentioned safety and reliability requirements set for the 
equipment. An automatic feedback complicates the system considerably and 
brings new possibilities of fault situations, the existence of which should be 
taken into account when implementing the equipment. Safety issues have 
been taken into account e.g. in the control system of an infusion system af- 
fecting muscle relaxation, David G. Mason et al., Development of a portable 
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closed-loop atracuriurn infusion system: systems methodology and safety is- 
sues, Int. J. Clin. Monitoring and Computing 13: 243-252, 1997. This research 
introduces methods for equipment planning, which substantially improve the 
safety of the system. 

As stated above, a safety risk is substantially present in the feed- 
back control system, as only devices for patient care are planned to cope with 
one-fault situations in operational environments. Basically, the user is often 
responsible for the reliability of a measurement result given by the monitor. 
Measuring equipment and the above experimental control systems have not 
been planned such that one-fault situations would not create a danger for a 
patient. ^ 

fr^The object of the invention is to provide an arrangement by which 
the prior art disadvantages can be eliminated. This is achieved by the ar- 
rangement according to the invention, characterized in that the arrangement 
comprises means adapted to feed a reference signal to the measuring device 
periodically and that the controlling device is adapted to compare the measur- 
ing value obtained on the basis of the reference signal with the real reference 
value of the reference signal and adapted to take a safety measure when the 
measuring value and the reference value differ substantially from each other. 

Above all the invention provides the advantage that measuring de- 
vices on the market do not have to be redesigned for one-fault situations. A 
fault is recognised by an external controller which automatically checks the 
operation of the measuring device as a whole by means of reference meas- 
urement. The automatic checking can usually be performed by employing a 
very simple technique. An independent reference source is also easily avail- 
able in the system. Due to simplicity, the actual controller can be straightfor- 
wardly planned against one-fault situations, and the end result is advanta- 
geous in alj^respects. 

^^n the following the invention will be described in greater detail by 
means of examples illustrated in the attached drawing, in which 

Figure 1 shows a schematic view of an operational environment of 
equipment used in patient care, 

Figure 2 shows a diagram of an example of an automatic control ar- 
rangement of a gas dispenser in an anaesthesia machine, and 

Figure 3 shows a diagram of an embodiment of the arrangement 
according to the invention. 
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Figure 1 shows a schematic view of an operational environment of 
equipment used in patient care. A patient 1 is connected to a device used in 
patient care, which, in the example of Figure 1 , is a combination of a gas mixer 
and ventilator 2. The patient is connected by means of a patient circuit 3. From 
5 the patient circuit 3 there is a measuring connection 4 to a monitor 5 which 
monitors the condition of the patient. A healthcare person 6 supervises the 
condition of the patient on the basis of the measuring information on the con- 
dition of the patient provided by the monitor 5 and, when necessary, adjusts 
set values of the device used in patient care such that the measuring informa- 
10 tion corresponds to the desired value of the moment, as explained above. 

Figure 2 for its part shows a control system, in which a gas dis- 
penser of an anaesthesia machine is automatically controlled on the basis of a 
signal 'given by breathing gas measurement of the monitor. If, as a result of a 
fault situation, a gas monitor 7 measures a lower anaesthetic gas concentra- 
r]15 tion 8 than it in fact is or does not measure it at all, a controller 9 sets a gas 
"I dispenser 10 to produce a higher anaesthetic gas concentration than it actu- 
ally should be according to a user 12. This leads to an overdose of the an- 
C! . aesthetic and thus to- a dangerous situation. Gas concentrations shown in Fig- 
ure 2 are only exemplificational values. In Figure 2, a patient circuit is indi- 
20 cated by the reference number 13, a C02 absorber by the reference number 
s| 14 and a ventilator by the reference number 10a. As in the example of Figure 
p; 1 , a patient is marked with the a reference number 1 . 

j In principle, the system of Figure 2 operates in the following way. 

While a patient is under treatment, the gas dispenser 10 feeds a desired gas 
25 mixture to the patient and the gas monitor 7 measures the anaesthetic gas 
concentration. and informs the controller 9 of it. The controller 9 adjusts the 
setting of the anaesthetic gas concentration in order to achieve the desired 
end result. The user 12 has naturally set a desired anaesthetic gas concentra- 
tion of the patient's exhalation to the controller 9. 
30 The control system of Figure 2 has the disadvantages described 

above, which have been eliminated by the invention. 

Figure 3 shows schematically a preferred embodiment of an ar- 
rangement according to the invention. Figure 3 uses the same reference num- 
bers as Figure 2 in the corresponding parts, as in the embodiment of Figure 3 
35 the invention is applied to the control system of Figure 2. 

In the solution of Figure 3,^rpecrhanism 15a, 15b, 15c is connected 
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to a separate controller 9, the mechanism changing at suitable intervajs^sam- 
ple gas collected by a gas monitor 7 by alternating between the^cfual gas to 
be measured, i.e. a breathing gas sample 8, and reference/QBs, e.g. a fresh 
gas sample 16. A controller 9 can be a separate contraWer as in the example 
I -5. of the figure, but it can also be integrated to the mopHfor or the controllable de- 
vice. A reference signal is thus given periodicajjy'to the gas monitor, the refer- 
ence signal comprising a fresh gas sample^In the example of the figure. Re- 
gardless of the gas monitor, the gas dispenser 10 is perfectly aware of the real 
anaesthetic concentration of the reference gas. The real concentration value 
10 17 of the reference gas given^fey the gas dispenser and the measuring value 
18 of the monitor obtained^ffom the reference gas sample, or reference signal, 
that is fed to it, are feef'by means of e.g. a serial port to the controller that 
compares these twe^values with each other. If the accuracy of the values is 
not approximately the same, the controller detects the fault situation of the 
15 measuring device 7 and takes a suitable safety measure, e.g. stops setting the 
gas dispenser 10 concentration 19 and disconnects the control of the control- 
lable device. Opening a safety valve or giving a suitable alarm signal, for ex- 
ample, can also be- regarded as safety measures. An alarm signal may be 
ased on e.g. sound or light effect, or both. 
20 A reference signal need not necessarily be a fresh gas sample as in 

the example of the figure, but also a sample taken from e.g. indoor air or some 
other gas having a known concentration can be the gas sample forming the 
reference signal. A reference signal need not necessarily be a gas sample 
either, but electric measurement can also use a simulated electric signal, for 
25 example, as a reference signal. On pressure side, e.g. circuit pressure meas- 
ured by a ventilator can act as a reference. 

A controller and a change-over mechanism of a gas sample must 
also be planned to take one-fault situations into account. Otherwise a valve 
malfunction, for example, could lead into a situation in which, when the col- 
30 lecting point of a sample is changed, this does not actually happen, and the 
real fault situation remains unobserved. In Figure 3, the malfunction of the ac- 
tual selector valve 15a is observed by backup valves 15b, 15c. A CPU 20 
controls these valves in the corresponding manner as the selector valve 15a. If 
the selector valve is stuck in either position, the backup valve closes the sam- 
35 pie line. Then the gas monitor does not measure any concentration at all and 
the measuring results do not accord. In addition, a monitor pump creates low 
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pressure to the sample line, which can also be detected from the monitor 
alarm. Correspondingly, potential leaks can always be discovered from un- 
matohing measuring results. A controller can also be constructed in a way that 
one-fault situations e.g. in the CPU or controller electronics are detected If 
desired, the CPU of the gas dispenser can also be utilized, which CPU super- 
vises the controller operation by means of a serial interface. 

The above embodiment is not intended to restrict the invention in 
any way, but the invention may be modified completely freely within the scope 
of the claims. Therefore, it is obvibus that the arrangement of the invention or 
its details do not necessarily have to be exactly the same as shown in the fig- 
ures, but other solutions are possible, too. The invention is by no means re- 
stricted to the measurement of anaesthetics only. A similar arrangement can 
be used e.g. in the checking of carbon dioxide, blood pressure and many other 
phys.ological measurements. The main thing is that a known independent ref- 
erence has to be arranged for the measurement, which reference can be fed 
automatically to a measuring device belonging to a closed control system 



